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User  Instructions — Benefit/Cost  Analysis 
For  Plant  Protection  Programs 

There  are  no  simple  solutions, 
only  intelligent  choices. 

Inputs  and  outputs — an  overview;  This  computer  program  calculates  benefits  as 
the  difference  between  two  cash  flows  and  cost  as  expenditures  required  to 
achieve  a  change  in  the  cash  flow.  All  inputs  for  from  two  to  eight  options 
(mutually  exclusive  courses  of  action)  may  be  entered.  The  computer  program 
then  generates  the  cash  flows  associated  with  each  option,  a  pair  at  a  time, 
for  all  possible  pairs  of  options. 

The  inputs  for  each  option  consist  of  the  following: 

1.  Title  card — 80  letters,  including  blanks. 

2.  Parameter  card — Number  of  option  in  the  analysis,  the  interest  rate 
to  be  used  in  discounting,  the  number  of  crop-area  subdivisions,  and 
P2  (see  Input  Format,  page  19,  cc  10-20). 

3.  Option  title  card — 80  letters,  with  first  7  being  used  as  an 
abbreviated  title  and  the  8th  as  a  single  symbol  identification 
of  the  option. 

4.  Text  cards — A  minimum  of  one  and  a  maximum  of  40  cards,  80 
letters  per  card,  which  permits  a  brief  description  of  the 
option  and  basic  assumptions. 

5.  Funding  card — Contains  Present  Program  Funding  and  Anticipated 
Contingency  Money  (maximum  of  8  years). 
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Data  cards — A  maximum  of  50  and  a  minimum  of  1  for  each 
crop-area  subdivision.  The  following  information  is  entered 
on  each  card  which  is  the  major  input  for  an  option  for  a 
crop-area  subdivision. 

a.  Crop-area  subdivision  title  (maximum  of  20  letters). 

b.  Tl— Years  of  arrival  of  pest  in  this  crop-area. 

c.  T2— ' Year  till  ultimate  spread  of  pest  in  this  crop-area. 

d.  PL — Asymptotic  value  of  potential  loss  to  pest  in  this 
sub-area. 

e.  PC — Average  annual  potential  cost  ($/unit)  required  to 
execute  this  option  in  this  crop-area. 

f.  Unit — units  (acres)  which  will  receive  inputs  (PC)  in  this 
sub-area. 

g.  K — Average  number  of  years  each  acre  will  receive  inputs 
in  executing  this  option  or  the  number  of  years  required 
to  achieve  program  objective  in  this  crop-area. 

Items  3  through  6  are  repeated  for  each  option  being  considered  in  the  analysis. 
Additional  analyses  may  be  placed  after  the  first. 

Following  the  reading  of  the  inputs,  the  computer  makes  all  possible  comparisons, 
a  pair  at  a  time,  among  all  the  options  being  considered  in  the  analysis. 
Comparisons  are  made  in  accordance  with  the  order  the  options  were  entered 
into  the  computer  through  the  use  of  an  algorithm  using  the  symbols  F 
(=  first)  and  S  (=  second) .  Option  F  is  always  used  as  the  baseline  in 
calculating  the  benefits  and  costs  of  the  two  options  being  compared. 
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Benefits  are  calculated  by  subtracting  annual  losses  of  Option  S  from  losses 
of  Option  F.  Cost,  however,  are  calculated  as  cost  of  Option  S  minus  cost 
of  Option  F  because  it  is  the  additional  cost  of  achieving  the  benefits  of 
Option  S  that  is  desired.  Thus,  Option  F  is  always  used  as  the  baseline  or 
reference  for  estimating  the  additional  benefits  or  additional  costs  of  the 
two  options  being  compared.  The  need  or  utility  of  including  a  "Zero  Base" 
or  "Do  Nothing"  option  is,  thus,  apparent. 


A  "Zero  Base"  or  a  "Do  Nothing"  option  will,  therefore,  furnish  estimates  of 
the  total  benefits  and  total  costs  for  the  options  being  considered  in  the 
analysis.  Comparisons  among  the  non-zero  base  options  furnished  the  additional 
or  marginal  benefits  and  costs  of  the  options  b.eing  compared. 


The  basic  information  presented  in  the  computer  output  is: 

1.  The  flow  of  losses  -  annual  values  summed  over  all  "crop-area" 
subunits  for  each  of  the  two  options  being  compared. 

2.  The  flow  of  benefits  -  annual  differences  in  losses. 

3.  The  discounted  flow  of  benefits. 

A.  The  cumulative  discounted  flow  of  benefits. 

5.  The  flow  of  costs  -  annual  values  summed  over  all  "crop-area" 

subunits  for  such  of  the  two  options  being  compared. 

6.  The  flow  of  difference  in  cost  of  the  two  options  being  compared. 

7.  The  discounted  flow  of  the  difference  in  cost. 

8.  The  cumulative  discounted  flow  of  difference  in  cost. 
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All  the  monetary  relationships  between  benefits  and  costs  are  calculated  from 
these  basic  cash  flows.  The  comparison  between  each  pair  of  options  is  sum¬ 
marized  in  a  sentence  form.  The  entire  analysis  (all  comparisons  among  all 
options)  is  summarized  in  four  tables:  (1)  the  text  of  the  options  considered, 
(2)  a  table  of  the  input  data,  (3)  a  table  of  funding  data,  and  (4)  a  grand 
summary  table,  which  contains  many  of  the  pertinent  statistics  generated  in 
comparing  the  options  being  considered. 

The  computer  program,  as  it  reads  and  stores  the  input  data,  calculates  the 
coefficients  (slope  and  intercept)  of  a  logistic  growth  curve  and  determines 
the  time  horizon  of  the  problem  as  (Max  (T1  or  T2)  +  5)  for  each  pair  of 
options  being  compared.  Benefits  and  costs  are  first  computed  and  summed  for 
this  time  horizon.  Summation  is  continued  until  the  present  value  of  the 
benefits  or  costs  for  that  year  is  less  than  $0.0005  million,  for 
a  maximum  of  200  years. 

Annual  losses  and  costs:  Signoid  growth  curves  are  calculated  using  the 
following  formulae: 

(1)  Losses  =  PL/  (1  +  exp  -  (a  +  b  t)) 

(2)  Costs  =  P  C  X  acres/ (1  +  exp  -  (a  +  b  (t  -  k) ) 

Where  a  =  intercept  of  logistic  growth  curve  (value  of  logit 
when  year  is  zero) 

b  =  rate  of  growth  of  logistic  curve 
Annual  benefits  =  Losses  Option  F  -  Losses  Option  S  1/ 

Annual  Costs  =  Cost  S  -  Cost  Option  F 

Discounted  values  for  the  year  t  =  $/ (1  +  i)^,  where  i  =  interest  rate 
as  a  decimal. 

_!/ (F=  first,  S=  second,  re  order  entering  option  into  computer) 
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The  present  values  of  the  cash  flows  are  the  sums  of  the  discounted  cash  flows. 


The  logistic  growth  curve  permits  simulating  the  flow  of  losses  associated 
with  the  spread  of  a  plant  pest.  The  logistic  curve  has  as  its  basis,  birth, 
and  death  rates,  which  can  be  linked  to  population  growth  or  the  spread  of  a 
pest.  As  used  in  the  computer  program,  the  logistic  curve  permits  simulating 
cash  flows  that  gradually  phase  in  or  out. 

Comparison  Among  Options:  The  possible  combination  of  comparisons  that  can 
be  made  by  the  present  program  (January  1976)  are  as  follows: 

Options  Options 


1  2 

3 

4 

5 

6 

7 

8 

1 

1  vs  2* 

1 

vs  3 

1 

vs 

4 

1 

vs 

5 

1 

vs 

6 

1 

vs 

7 

1 

vs 

8 

2 

2 

vs  3 

2 

vs 

4 

2 

vs 

5 

2 

vs 

6 

2 

vs 

7 

2 

vs 

8 

3 

3 

vs 

4 

3 

vs 

5 

3 

vs 

6 

3 

vs 

7 

3 

vs 

8 

4 

> 

4 

vs 

5 

4 

vs 

6 

4 

vs 

7 

4 

vs 

8 

5 

5 

vs 

6 

5 

vs 

7 

5 

vs 

8 

6 

— 

6 

vs 

7 

6 

vs 

8 

7  7  vs  8 

*NOTE :  1  versus  2  is  the  opposite  of  2  versus  1,  therefore,  only  the 

sign  of  the  benefits  and  costs  will  change.  Changing  the  order 
in  which  the  options  are  entered  into  the  computer  permits  different 
comparison  (e.g.,  entering  the  four  options  in  the  following  order 
1,  3,  4,  2  will  produce  the  following  comparisons  1  vs  3,  1  vs  4, 

1  vs  2,  3  vs  4,  3  vs  2,  and  4  vs  2. 


Forecasting  and  Simulation 


Forecasting  is  an  uncertain  but  necessary  art  in  completing  a  benefit/cost 
analysis.  Therefore,  benefit/cost  analyses  are  often  held  in  low  esteem  and 
are  prone  to  criticism.  This  weakness  can  be  largely  overcome  by  completing 
two  benefit/cost  analyses.  One  analysis  reflecting  the  more  optimistic  views, 
the  other  the  more  pessimistic  views.  Those  persons  who  tend  to  be  pessimistic 
about  the  pest  (i.e.,  that  it  will  inflict  more  losses  and  that  it  will  spread 
faster  than  will  occur  in  the  real  world)  will  tend  to  be  optimistic  about  the 
capability  of  dealing  effectively  with  the  pest  (i.e. ,  that  spread  can  be 
delayed  longer,  or  that  eradication  can  be  achieved  in  less  time  and  at  less 
cost  that  will  occur).  However,  it  is  possible  that  a  person  could  be  pessimis¬ 
tic  or  optomistic  about  both  the  pest  and  program  capability,  so  that  four 
"camps"  can  be  envisioned.  In  such  cases  it  may  be  desirable  to  complete  four 
analyses  to  encompass  the  four  possible  positions.  Pessimism  and  optimism 
should  be  recognized  as  a  continuum  and  that  there  will  always  be  extremes  on 
both  ends.  The  proponents  of  extreme  positions  will  most  likely  modify  their 
positions  in  a  structured  review  process,  such  as  through  a  critique  of  an 
analysis  containing  the  pessimistic  and  optimistic  views. 

Most  benefit/cost  analyses  will  require  several  revisions  before  becoming 
acceptable  to  the  majority  of  the  individuals  or  parties  associated  with  the 
problem  being  simulated.  Those  responsible  for  executing  the  options  and 
those  directly  affected  by  the  pest  or  the  execution  of  the  options  will 
frequently  have  different  objectives  or  perceive  the  situation  differently. 
Likewise,  different  levels  of  management  may  often  have  different  objectives 
or  different  perspectives. 
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In  addition  to  the  uncertainties  in  forecasting  and  the  efforts  required  to 
reach  a  concurrence  of  views,  the  world  we  interact  with  is  constantly  changing. 
What  may  have  been  the  most  rational  or  logical  solution  a  short  time  ago, 
may  be  outdated,  outmoded,  or  simply  in  appropriate  today.  Consequently, 
frequent  revision  or  reanalysis  of  the  benefits  and  costs  can  be  anticipated. 
This  computer  program  greatly  facilitates  frequent  in-depth  revisions  as  well 
as  the  exploration  of  alternative  courses  of  action.  Computer  costs  for  a 
very  large  benefit/cost  analysis  should  not  exceed  $20.  Computer  costs,  for 
more  routine  analyses  (such  as  the  attached)  will  be  in  the  range  of  $2  to 
$10. 

Benefit/cost  information  shall  always  remain  but  one  input  in  the  allocation 
of  scarce  resources.  Ideally,  the  quality  of  inputs  for  a  benefit/cost  analyses 
should  be  commensurated  with  the  quality  of  the  other  inputs  in  the  decision 
being  made.  The  higher  the  quality  of  inputs  to  a  benefit/cost  analysis  (a 
mathematical  model) ,  the  closer  the  analysis  will  simulate  the  real  world 
situation.  What  may  have  been  marginally  acceptable  quality  for  one  decision 
may  be  of  disproportionately  high  quality  for  another  decision.  This  computer 
program  permits  simulating  real  world  situations  to  the  degree  of  reality 
desired.  In  addition,  the  tying  of  program  costs  to  program  benefits,  while 
forcing  some  restriction  on  the  user,  has  the  merit  of  requiring  a  degree  of 
truthfulness— that  benefits  cannot  be  claimed  for  unrelated  expenditures. 

The  major  merit  of  this  -computer  program  will  remain  its  ability  to  perform 
a  series  of  repetitive  calculations  very  rapidly  and  precisely,  and  to  present 
the  inputs  and  outputs  in  a  well  organized,  well  labeled  format  that 
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facilitates  comprehension.  The  original  purpose  for  constructing  this  computer 
program  was  to  estimate  the  benefits  resulting  from  delaying  the  spread  of 
a  plant  pest,  which  in  practice,  is  the  difference  between  two  cash  flows. 

When  the  concepts  inherent  in  achieving  this  purpose  were  reduced  to  practice 
it  was  realized  that  the  equations  developed  were  applicable  to  other  pest 
problems  where  the  major  interest  lies  in  the  temporal  aspects  of  cash  flows. 

This  program  was  developed  under  the  assumption  that  the  asymptotic  values  for 
losses  (PL  =  Potential  Losses)  would  be  calculated  prior  to  undertaking  a 
benefit/cost  analysis.  Most  published  benefit/cost  studies  stop  at  estimating 
the  asymptotic  values  for  losses.  The  time  at  which  these  asymptotic  values 
are  reached  is  of  paramount  importance.  Although  a  discussion  of  methods 
used  to  estimate  such  asymystotic  values  is  pertinent  to  benefit/cost  analysis, 
such  as  discussion  would  be  inappropriate  in  this  text.  For  simulating  the 
spread  of  a  plant  pest,  the  sigmoid  growth  curve  appears  quite  adequate.  In 
the  final  analysis,  the  type  of  growth  curve  has  little  influence  on  the 
results  obtained,  for  benefits  and  costs  are  the  differences  between  pairs 
of  curves . 

This  computer  program,  assuming  that  the  situation  is  modeled  accurately, 
permits  meaningful  comparisons  among  options  having  different  losses  accruing 
at  different  future  times.  In  a  broad  sense,  this  computer  program  is  simply 
a  tool  that  permits  handling  the  temporal  aspects  of  cash  flows  in  a  rational 
manner  and  may  have  application  beyond  pest  problems  per  se . 

Other  Growth  Functions: 

Those  persons  desiring  to  use  some  function  other  than  the  sigmoid  growth 
curve  (the  logistic)  or  to  employ  a  more  complex  relationship  between 
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potential  losses  and  the  flow  of  losses,  may  easily  modify  the  present  program 
either  by  employing  a  subroutine  or  by  changing  a  few  computer  program  state¬ 
ments.  For  example,  the  hypergeometric  or  double  binominal  could  easily  be 
substituted  for  the  logistic  function  provided  such  a  function  could  be 
specified  from  the  Tl's  and  T2's  and  could  be  stepped  1  year  at  a  time.  Those 
functions  not  capable  of  being  specified  by  Tl's  and  T2's  will  require  greater 
programming  effort  to  capture  the  temporal  aspects  of  the  cash  flows. 

Simulation  Techniques 

Losses  and ' Benef its : 

There  are  a  number  of  ways  that  real  world  situations  can  be  simulated  with 
this  computer  program.  The  most  obvious  is  through  the  use  of  Tl's  and  T2's 
and  potential  losses  (PL).  For  example,  T1  =  -5,  and  T2  =  +  5  will  produce  a 
cash  flow  having  a  value  of  PL/2  at  year  0  (today)  which  will  rise  to  PL  at 
year  5,  while  T1  =  +  5,  T2  =  -  5  will  produce  a  cash  flow  having  a  value  of 
PL/ 2  at  year  0  and  which  will  decrease  to  zero  at  year  5.  If  eradication  was 
to  begin  at  year  4  'and  be  achieved  3  years  later,  the  annual  losses  to  this 
pest  could  be  simulated  by  entering  T1  =  4  +  3  =  7  and  T2  =  4.  Losses  would 
remain  at  PL  for  years  1  through  4  and  would  then  gradually  decrease  to  zero 
between  years  4  and  7.  The  benefits  of  a  proposed  option  that  would  reduce 
losses  from  an  existing  pest  by  10  percent,  but  would  require  10  years  to 
fully  implement  throughout  the  host  crop  producing  area,  versus  the  option  of 
continuing  the  existing  pest  control  strategy,  could  be  simulated  by  the 
following: 


T1 

T2 

PL 

Option  1 

2 

12 

PL  -  (PL  x . 1 )  = 

Option  2 

-10 

-5 

PL 

10  - 


These  inputs  would  produce  two  cash  flows  for  losses— one  for  each  option. 

The  inputs  for  Option  1  would  generate  a  cash  flow  rising  from  0  beginning 
at  year  2  and  then  remain  equal  to  PL  x  l.c.0.9  starting  at  year  12.  The 
inputs  for  Option  2  would  generate  a  cash  flow  remaining  constant  at  PL 
(Note:  Tl  and  T2  could  be  any  negative  values  as  long  as  Tl  is  greater  than  T2) . 
Benefits  would  be  the  sum  of  the  difference  in  the  cash  flows  for  these  two 
options,  which  would  simulate  the  gradual  shift  from  one  pest  control  strategy  to 
another — or-  the  replacement  of  one  cash  flow  with  another. 

The  bringing  into  production  of  a  parcel  of  land  beginning  at  year  20,  followed 
by  continued  harvest  from  this  land  for  the  next  25  years  and  then  the  phasing 
out  of  production  of  this  same  parcel  of  land  over  the  next  10  years,  could  be 
simulated  by  the  following: 


Tl 

T2 

PL 

' 

Crop-Area  A 

Option  1 

•20 

25 

PL* 

Option  2 

20 

25 

0 

Crop-Area  B 

Option  1 

50 

60 

-PL 

Option  2 

50 

60 

0 

*Where  PL  now  becomes  the  average  annual  value  of  production  from 
the  parcel  of  land. 

In  this  example,  PL  for  Option  1,  Crop-Area  B  was  made  negative  to  cancel  the 
first  PL  at  the  specified  time.  Setting  PL  =  0  in  Option  2  created  a  "dummy" 
entry  which  was  required  to  satisfy  the  "loops"  within  the  computer  system. 
When  dummy  entries  are  utilized,  any  value  for  Tl  and  T2  can  be  entered. 

There  is  no  way  this  case  flow  can  be  simulated  by  this  computer  program 
without  using  dummy  entries. 


With  these  examples  as  a  guide,  more  complex  simulations  can  be  easily  developed, 
such  as  eradication  of  a  pest  starting  on  three  sides  at  different  dates  and 
proceeding  at  different  rates.  To  make  certain  the  simulation  is  as  desired, 
a  trial  run  using  only  a  few  key  parts  (say,  one  or  two  areas)  and  constants 
for  potential  losses,  such  as  1  (one),  may  be  desirable.  As  an  aid  in  vis¬ 
ualizing  the  cash  flow  to  be  simulated,  they  can  be  sketched  as  on  a  chalkboard 
or  piece  of  paper  and  Tl’s  and  T2’s  at  the  major  inflection  points  marked  and 
labeled . 

Only  one  option  should  be  modeled  at  a.  time,  beginning  with  the  basic  assumptions 
and  proceeding  to  the  Tl’s,  T2's,  PL’s,  K’s,  PC’s,  and  Acres,  for  each  crop- 
area  .  subdivision.  As  an  aid  in  clarification,  it  is  helpful  to  model  the  "Do 
Nothing"  option  before  modeling  other  options.  After  all  options  have  been 
modeled,  the  inputs  should  be  checked  for  internal  consistency  (e. g. ,  the  "Do 
Nothing"  option  will  normally  have  the  fastest  rate  of  spread) . 

Variable  Costs: 

The  manner  in  which  annual  variable  costs  are  generated  by  this  computer 
program  may  be  regarded  in  two  ways.  The  first  is  of  cost  resulting  from 
operations  being  conducted  on  the  periphery,  such  that  new  acreage  is  brought 
into  the  program  as  old  acreage  is  phased  out.  This  concept  permits  spread 
to  be  regarded  as  either  positive  or  negative  (eradication)  and  operations  to 
achieve  the  program  objective  as  occurring  in  annuli  around  a  foci  (point). 

The  second  manner  of  regarding  annual  variable  costs  is  that  of  a  distribution. 
With  this  concept,  costs  are  normally  distributed  (bell  shaped  curve)  over 
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each  crop-area  subdivision,  such  that  initial  work  may  require  little  input, 
but  as  the  infestation  spreads  the  annual  cost  rises  beginning  at  Tl-K,  and 
ultimately  then  falls  to  zero  at  T2.  The  distribution  concept  of  costs  may 
be  most  appropriate  when  little  detailed  information  is  available  about  the 
functions  to  be  executed. 

The  simulation  of  cash  flows  for  costs  relies  primarily  on  the  simulation 
resulting  from  T1  and  T2  (i.e.,  costs  precede  and  are  directly  tied  to  benefits). 
However,  additional  simulation  can  be  achieved  through  use  of  K,  PC,  and 
Acres.  For  example,  if  eradication  is  to  be  accomplished  in  3  years,  then 
K  =  3.  If  precise  knowledge  exists  about  unit  cost  and  the  time  at  which 
different  program  functions  are  to  be  executed,  then  it  may  be  desirable  to 
model  each  cost  function  and  allow  the  computer  to  "integrate"  the  cost  of 
the  functions  to  obtain  an  estimate  of  the  annual  variable  cost.  Such 
modeling  may  be  particularly  valuable  or  desirable  if  different  K's  are 
known  to  exist  for  the  different  functions  to  be  executed  within  each  Crop-Area 
subdivision.  Such  modeling  of  cost  will  most  likely  require  dummy  entries  for 
benefits  which  requires  that  PL  be  set  to  zero  (0)  for  each  dummy  entry. 

The  present  computer  program  will  accept  only  whole  numbers  (those  without 
decimals)  for  Tl,  T2,  and  K.  In  view  of  the  uncertainty  or  "soft"  inputs  and 
the  imprecision  of  forecasting,  the  use  of  less  than  whole  years,  especially 
for  K,  would  represent  unwarranted  precision. 

Making  K  negative  will  cause  program  costs  to  follow,  rather  than  precede, 
changes  in  annual  losses.  Zeroes  may  be  entered  for  K,  $/acre,  or  Acres 
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which  will  produce  zero  variable  costs  for  the  Crop-Area  subdivision.  Thus, 
if  an  option  has  no  cost,  such  as  "Do  Nothing,"  setting  K  to  zero  is  the 
recommended  procedure  for  obtaining  zero  variable  costs  for  that  option. 

Although  the  same  result  can  be  achieved  by  setting  $/acre  and  Acres  to  zero, 
division  by  zero  will  result,  if  all  Acres  were  set  to  zero  causing  the 
computer  to  abort.  Total  variable  cost  is  more  sensitive  to  PC  ($/acre) 
than  to  any  of  the  other  inputs. 

Fixed  Costs: 

Often  there  are  costs  which  are  difficult  or  impossible  to  relate  to  units  of 
host  crop,  or  to  achieving  the  program  objective.  For  example,  emergencies 
may  arise  where  money  is  needed  to  prevent  loss  of  gains  achieved  through 
previous  inputs.  It  is  probably  not  possible  to  define  what  an  emergency  is 
or  how  long  an  emergency  may  exist  before  it  should  be  regarded  as  a  real 
long-term  problem.  For  the  purpose  of  this  computer  program,  8  years  was 
taken  as  the  maximum  life  of  an  emergency,  which  should  be  sufficient  time 
to  permit  certain  fixed  costs  such  as  "contingency  money"  and  "present  funding" 
to  be  remodeled  as  variable  costs  associated  with  their  benefits. 

An  option  having  a  continuous  input  (fixed  cost)  but  no  spread,  can  be  simulated 
by  entering  annual  program  cost  under  Present  Funding  and  then  setting  Tl  = 

10,  T2  -  195,  PL  =  0,  and  K  =  0.  The  computer  will  cycle  200  times  (years) , 
setting  Present  Funding  to  zero  of  the  195th  year.  For  those  wishing  to  use 
a  time  horizon  longer  than  200  years,  only  a  few  minor  changes  in  the 
appropriate  program  statements  would  be  required.  However,  the  present  value 
of  the  costs  for  the  174th  year  must  be  equal  to  $15,934  million  to  have  a 
present  value  of  $0,001  million  at  a  10  percent  interest  rate. 
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A  careful  compiling  of  inputs  will  often  permit  replacing  fixed  costs  repre¬ 
sented  by  Present  Program  Funding  and  Anticipated  Contingency  Money,  with 
variable  costs.  However,  accurate  simulation  of  such  costs  requires  precise 
estimates  of  $/ acre,  K,  Acres,  as  well  as  Tl  and  T2  and  may  require  many  trials 
to  obtain  variable  costs  that  match,  within  rounding  error,  what  may  be  regarded 
or  "fixed  costs."  That  it.  is  possible  to  simulate  fixed  costs  represented  by 
Present  Program  Funding  and  Contingency  Money  by  variable  costs  through  use  of 
Tl's,  T2’s,  K’s,  and  PC's  must  be  accepted  on  the  basis  that  it  has  been  done 
repeatedly.  However,  this  has  been  accomplished  largely  by  trial  and  error. 

The  degree  of  accuracy  in  modeling  such  situations  must  be  weighed  carefully- — the 
utility  versus  the  time  and  cost  of  achieving  the  desired  degree  of  accuracy. 

The  present  computer  program  sets  Present  Program  Funding  to  zero  at  year 
(Max  (Tl  or  T2)  -  K) .  This  technique  was  adopted  because  it  produced  the 
"smoothest"  termination  or  phasing  out  of  annual  program  cost.  The  handling 
of  Present  Program  Funding  as  a  fixed  cost  continuing  through  the  time  horizon 
of  the  situation  being  modeled,  was  selected  as  a  practical  solution  to  the 
difficult  problem  of  modeling  cost  through  use  of  Tl’s,  T2*  s ,  K’s,  PC's, 
and  acres. 

The  ability  of  the  computer  program  to  simulate  the  flow  of  benefits  and  costs 
can  only  be  fully  appreciated,  or  demonstrated,  through  individual  usage.  Given 
sufficient  data  of  acceptable  quality,  it  is  possible  to  accurately  "model" 
most  historic  situations.  Thus,  "proof"  that  this  computer  program  can 
simulate  different  cash  flows  lies  in  its  future  use  rather  than  in  demonstrating 
its  ability  to  simulate  historical  situations. 


15  - 


Interpreting  Benefits  and  Costs 


Because  benefits  and  costs  are  differences  in  cash  flows,  it  is  possible  to 
obtain  negative  benefits  or  costs.  A  negative  cost  indicates  that  the  preferred 
option  has  less  cost  than  the  option  it  is  being  compared  with.  A  negative 
benefit  indicates  that  the  preferred  option  has  less  benefit  than  the  option 
it  is  being  compared  with.  In  both  situations,  a  negative  benefit/cost  ratio 
would  result.  However,  a  negative  benefit  divided  by  a  negative  cost  will 
produce  a  positive  benefit/cost  ratio.  The  correct  interpretation  of  the  B/C 
ratio  requires  that  the  signs  of  the  benefits  and  costs  be  considered  as  well 
as  the  sign  of  the  ratio.  In  summary,  the  interpretation  of  a  benefit/cost 
analysis  often  requires  consultation  between  a  economist  and  the  manager (s) 
of  the  program  being  analyzed. 

Discounting  and  Its  Utility 

In  situations,  such-  as  eradication,  benefits  may  accrue  long  after  program 
costs  have  ceased  and  it  is,  therefore,  not  possible  to  obtain  the  sum  of  the 
benefits.  In  such  situations,  the  benefits  or  costs  could  be  summed  for  a 
specified  time  horizon.  Discounting  is  a  valuable  tool  in  such  situation, 
because  it  nearly  eliminates  the  need  to  consider  the  time  and  rate  of  accrual 
of  cash  flows.  However,  in  some  situations,  the  time  and  rate  of  accrual  of 
benefits  and  costs  are  of  importance,  and  these  are  presented  in  the  output 
along  with  the  undiscounted  benefits  and  costs  summed  over  the  time  horizon 
of  the  probelm. 

Discounting  cash  flows  can  also  make  interpretation  of  a  benefit/cost  analysis 
difficult.  For  example,  two  cash  flows  may  have  the  same  total  undiscounted 
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value,  but  different  present  values  owing  to  the  time  and  rate  of  accrual. 
Likewise,  two  cash  flows  may  have  nearly  equal  present  values  but  have 
significantly  different  total  undiscounted  values. 

Because  it  is  not  possible  to  determine  a_  priori  what  a  manager  wishes  to  maxi¬ 
mize  (the  grestest  gain  on  the  investment,  the  greatest  net  gain,  the  largest 
B/C  ratio  from  present  values,  the  largest  B/C  ratio  from  undiscounted  values, 
etc.),  all  the  basic  monetary  values  are  calculated  and  presented  in  the  output. 
Additional  relationships  of  specific  interest  (e.g.,  annual  B/C  ratios)  can  be 
calculated  from  these  basic  monetary  values.  Interpretation,  however,  should 
be  made  with  the  assistance  of  an  economist. 

Input  Format 

1.  Title  of  benefit/cost  analysis 

cc*  1-80  Maximum  of  80  characters  including  blank  spaces. 

This  title  is  presented  at  the  top  of  each  page. 

*cc  =  card  column 

2.  Parameter  Card 

cc  1-2  Number  of  subdivisions  (crop-areas) .  This  must  be 
constant  for  all  options,  maximum  of  50  permitted. 

cc  3-7  Interest  rate  as  a  percentage,'  The  interest  rate  can 
be  entered  with  a  decimal  point  anywhere  in  this 
5-digit  field.  If  no  decimal  point  is  entered  the 
computer  automatically  enters  a  decimal  point  between 
card  columns  7  and  8.  If  the  interest  rate  is  negative, 
it  defaults  to  10  percent.  However,  a  zero  interest 
rate  may  be  used  by  either  leaving  the  space  black  or 
by -entering  0.0. 
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cc  8  Number  of  options  to  be  considered  in  the  analysis. 

(The  number  of  options  is  not  the  number  of  comparisons.) 
cc  10-20  P2.  The  percent  of  acres  infested  at  T1  (=  100  -  P2 

at  T2) .  If  left  black,  P2  defaults  to  99.99.  If  P2  =  50 
percent,  no  benefits  or  cost  will  result.  The 
utility  of  changing  P2  is  being  investigated. 

Option  Title  Card — 80  Columns 

This  entire  card  may  be  left  blank. 

cc  1-8  Subtitle  of  option.  Normally  the  subtitle  should  be 

in  the  form  of  "OPTION  X"  where  X  is  the  option  number 
or  symbol  and  appears  in  cc  8. 

cc  1-80  Full  title  of  option.  This  full  title  of  the  option 
will  be  printed  at  top  of  each  printout  of  the  text. 

4.  Text  Cards — Maximum  of  40  lines  (cards)  of  80  characters  (including 

blanks)  is  permitted.  If  less  than  40  lines  are  needed, 
the  last  card  must  have  the  first  8  card  columns  blank, 
which  will  cause  the  program  to  read  the  next  card  as 
a  subtitle.  If  a  printout  of  the  assumption  or  a  brief 
description  of  the  option  is  not  desired,  simply 
insert  one  blank  card  for  the  text. 

5.  Program  Funding  and  Contingency  Money  Card 

A  decimal  point  may  be  entered  any  place  in  this  field 
which  will  override  the  normal  decimal  point  located 
between  each  of  the  nine  8-digit  fields. 
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1-8 

Present  funding— 

in  dollars 

9-17 

Contingency 

money 

1st 

year- 

18-26 

ft 

ff 

2nd 

year 

27-35 

f  f 

It 

3rd 

year 

36-44 

If 

f  f 

4th 

year 

45-53 

ff 

II 

5th 

year 

56-62 

If 

II 

6  th 

year 

63-71 

If 

VI 

7th 

year 

72-80 

ff 

19 

8th 

year 

If  any  of  these  values  are  zero,  the  appropriate  space  may  be  left  blank. 
However,  it  is  often  helpful  if  0.0  is  punched  in  appropriate  card  columns. 


Frequently^  the  computer  will  print  -0.  for  Present  Program  Funding  or  antici¬ 
pated  contingency  money  when  0.0  was  entered.  This  results  from  an  idiosyncrasy 
of  the  computer  and  is  unpredictable. 

6.  Input  Data 

cc  1-20  Crop-area  subtitle 

22-24  T1  may  be  positive  or  negative,  but  must  be  a  whole 
number . 

26-28  T2  may  be  positive  or  negative,  but  must  be  a  whole 
number. 

NOTE:  If  it  is  desired  to  make  the  cash  flow  decrease,  make 

T2  the  future  year  at  which  PL  =  PL  and  T1  the  year 
PL  =  0.0. 

•  cc  31-40  PL  (potential  losses)  must  be  in  millions  of  dollars. 

Decimals  may  be  used  which  permits  entering  less  than 
whole  numbers.  Although  the  computer  carries  out  all 
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calculations  in  16-place  floating  point  arithmetic, 
the  print  out  is  limited  to  three  decimals.  Thus, 
more  than  three  digits  may  be  placed  after  the  decimal, 
but  only  three  decimal  places  will  be  printed. 

cc  '41-50  PC  (potential  cost)  must  be  entered  as  dollars  per 
acre  and  represents  the  average  annual  cost/acre  of 
executing  the  option.  PC  is  part  of  the  inputs  for 
estimating  variable  cost  and  is  used  in  conjunction 
with  acres  and  K  to  calculate  annual  variable  cost  of 
the  option. 

cc  51-60  Acres  of  host  crops  upon  which  activities  to  achieve 

the  objective  of  the  option  will  be  executed.  If  only 
a  portion  of  the  host  crop-acres  will  be  treated, 
either  the  acres  or  the  cost/acre  should  be  adjusted 
accordingly. 

cc  64-66  K,  the  number  of  years  that  program  activities  for 
the  option  will  be  carried  out  bejrore  a  given  acre 
will  be  phased  out  of  the  treatment  area  of  the  crop- 
area  subdivision.  As  many  as  50  data  cards,  one  for 
each  crop-area  subdivision,  may  be  utilized  for  each 
option.  The  same  number  of  crop-area  subdivision  and 
the  same  order'  should  be  followed  for  each  option. 
However,  because  the  computer  program  sums  over  all 
crop-area  subdivisions  each  year,  the  pairing  of  sub¬ 
divisions  is  primarily  for  aesthetics.  Dummy  entries, 
in  which  PL  is  set  to  zero,  may  be  utilized  to  obtain 
the  necessary  balance  to  satisfy  the  requirement  of 
the  computer  program. 


-  20  - 


Synopsis  of  Inputs  for  Benefit/Cost  Analysis 


1.  Title  card.  Title  of  analysis — 80  card  columns. 

2.  Parameter  card.  Number  of  crop-area  subdivisions,  interest  rate,  and 
the  number  of  options  in  this  analysis  and  P2  (see  text)  (cc  1-2, 

3-7,  8,  10-20).  A  zero  interest  rate  is  permissible.  P2  defaults 

to  99.99  if  left  blank. 

3.  Option  Title  card.  Title  of  the  option — '80  card  columns — cc  1-8 
title  of  crop-area,  cc  8  option  number  or  letter,  and  cc  1-80  in 
title  in  its  entirety. 

4.  Text  Cards.  From  1  to  40  cards,  80  card  columns  each,  last  card 
must  be  blank  if  less  than  40  cards  are  used.  A  row  of  dashes, 
asterisks,  or  slashes  may  be  used  to  set  off  the  text  for  each  option 
(do  not  enter  special  symbols  in  cc  1) .  The  text  cards  may  contain 
basic  assumptions  or  a  brief  description  of  the  option. 

5.  Funding  Card.  Program  funding  and  contingency  money--nine  sets  of 
8  columns  each,  all  values  may  be  zero. 


6.  Data 

Cards. 

Input  data— maximum  of  50  cards. 

minimum  of  1. 

cc 

1-20 

Crop-Area  subdivision  title 

cc 

22-24 

Tl 

cc 

26-28 

T2 

cc 

31-40 

PL 

cc 

41-50 

PC 

cc 

51-60 

Acres 

cc 

64-66 

K 

Repeat  3 

through 

6  for  each  option.  A  minimum  of 

2  and  a  maximum  of 

options  is  permitted.  Additional  analyses  may  follow  the  first.  All 
cards  may  be  blank  except  the  parameter  card  and  the  data  cards. 
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ONLY  DIFFERENCES  BEING  THAT  NO  EFFORT  TO  RETARD  SPREAD  BELOW  THE  TEXAS-MEXICO 
BORDER  WOULD  BE  MADE.  AN  IMPORTANT  ASSUMPTION  FOR  ALL  THESE  OPTIONS  IS  THAT  EACH 
STATE,  AS  WELL  AS  GUATEMALA  AND  MEXICO,  WOULD  CONDUCT  A  PROGRAM  TO  PROTECT 
THEIR  COUNTRIES  HOST  CROPS. 
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TOTALS  OR  AVERAGES  MIN  MAX  MAX 

PESSIM  1  -2  16  286.489  0  0.0  3906121. 

PESSIM  4  -2  27  286.489  6  19.082  3906121. 
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TOTALS  OR  AVERAGES  MIN  MAX  MAX 

PESSIM  3  -2  28  286.489  6  31.613  3906121. 

PESSIM  4  -2  27  286.489  6  19.082  3906121. 
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ERADICATING  THE  1975  INFESTATION  IN  LOS  ANGELES  COUNTY,  CALIFORNIA.  THE  TOTAL 
COST  OF  ERADICATING  THIS  INFESTATION  WAS  ESTIMATED  AT  $931,000  DURING  1976  WITH 
AN  ADDITIONAL  $3,000  BEING  SPENT  IN  1977  AND  $1,000  IN  1978  FOR  SURVEY  AND 
FOLLOWUP  WORK. 


YEARS  TILL  YEARS  TILL  POTENTIAL  LOSSES  POTENTIAL  COST  ACRES  OF 

I  ARRIVAL  SPREAD  MILLIONS  OF  YEARS  DOLLARS  PER  HOST 

CROP-AREA  OF  PEST  OF  PEST  DOLLARS  IN  AREA  ACRE  CROP 
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TOTALS  OR  AVERAGES  MIN  MAX  MAX 

PESSIM  4  -2  27  286.489  6  19.082  3906121. 

PESSIM  2  -2  32  286.489  6  38.090  3906121. 
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AS  SUMMED  THAT  AN  AVERAGE  OF  4  ISOLATED  INFESTATIONS  ABOVE  THE  BARRIER  ZONE 
WOULD  OCCUR  EACH  YEAR.  THE  COST  OF  ERADICATING  THESE  INFESTATIONS  ADDED  AN 
AVERAGE  OF  $4. 876/ACRE  TO  POTENTIAL  COST(PC).  THIS  OPTION  ALSO  INCLUDES  THE 
COST  OF  ERADICATING  THE  1975-1976  INFESTATION  IN  LOS  ANGELES  COUNTY.  CALIFORNIA. 
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TOTALS  OR  AVERAGES  IVu  N  MAX  MAX 

OPTIM  1  -2  12  286.489  0  0.0  3906121. 

OPTIM  3  -2  21  286.489  6  31.613  3906121. 
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BENEFIT/COST  ANALYSIS 

PLANT  PROTECTION  PROGRAMS  USDA  APHIS 
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TOTALS  OR  AVERAGES  IVlIN  MAX  MAX 

OPTIM  1  -2  12  286.489  0  0.0  3906121. 

OPT  I M  4  -2  21  286.489  6  19.082  3906121. 


LOSSES  LOSSES  BENEFITS  DISCOUNTED  ACCUMULATED  DISCOUNTED 

YEAR  OPT IM  1  OPT IM  4  OF  OPTIM  4  BENEFITS  BENEFITS 
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ANTICIPATED  CONTINGENCY  MONEY,  DOLLARS 
YEAR  1  2  3 

OPT  I M  1  931000.  3000.  1000. 

OPTIM  4  931000.  3000.  1000. 
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TOTALS  OR  AVERAGES  MIN  MAX  MAX 

0PTIM  1  -2  12  286 . 489  0  0.0  3906121. 

0PTIM  2  -2  32  286.489  6  38.090  3906121. 
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ANTICIPATED  CONTINGENCY  MONEY,  DOLLARS 
YEAR  1  2  3 

OPT IM  1  931000.  3000.  1000. 

OPT  I M  2  931000.  3000.  1000. 
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THE  PRESENT  VALUE  OF  THE  BENEFITS  OF  SELECTING  OPTIM  4  OVER  OPTIM  3  DISCOUNTED  AT  10.0  PERCENT  INTEREST  IS 
-60.340  MILLIONS  OF  DOLLARS  AND  WILL  ACCRUE  OVER  26  YEARS. 
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THE  UNDISCOUNTED  BENEFIT/COST  RATIO  OF  SELECTING  OPTIM  4  OVER  OPTIM  3  IS  1:1  WHEN  SUMMED  OVER 

AND  26  YEARS  RESPECFULLY. 
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COST  OF  ERADICATING  THIS  INFESTATION  WAS  ESTIMATED  AT  $931,000  DURING  1976  WITH 
AN  ADDITIONAL  $3,000  BEING  SPENT  IN  1977  AND  $1,000  IN  1978  FOR  SURVEY  AND 
FOLLOWUP  WORK. 


MEDI TERRANEAND  FRUIT  FLY  --  PRELIMINARY  BENEFIT/COST  ANALYSIS  -  MARCH  1976 
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OPTIM  4  -2  21  286.489  6  19.082  3906121. 

OPTIM  2  -2  32  286.489  6  38.090  3906121. 
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